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ACTIVE METABOLITE OF GEPIRONE 

The invention relates to a compound for use in therapy and to a 
pharmaceutical composition having psychotropic activity. 

5 

Disorders of the central nervous system, such as depression and anxiety 
are illnesses that affect people of all ages. Although there are many 
effective drugs available for treatment of these diseases, the currently 
available methods of treatment are often still not adequate. Most 

10 noteworthy is that there are no positive treatment results in about one 
third of all subjects with depression or anxiety and recovery in the 
effectively treated group is slow, with an onset of effect at the earliest two 
weeks after the start of drug treatment. Also the side effects remain a 
cumbersome problem. The strategy for finding new drug therapies is to 

15 explore new pharmacological mechanisms of action. A compound with a 
new mechanism of action and efficacy for treatment offers better 
treatment possibilities for a large number of people. Gepirone (disclosed 
in US patent 4,423,049) is an example of a modern drug for the 
treatments of depression and anxiety with a newer mechanism based on 

20 an influence of a particular subtype of serotonin receptors. It remains 
however uncertain whether the action of the compound is due to an 
activation or an antagonism of the 5-HTia receptors, since the compound 
is a partial 5-HTia agonist. It might even be that the partial character of 
the agonism or antagonism is essential. For this reason it is all the more 

25 surprising that it is found that a metabolite of gepirone, 3-OH-gepirone 
(Kerns et al J. Pharmaceut & Biomedical Analysis, Vol 20, pp 1 15-128, 
1999), is having a major central nervous system effect and is formed in 
significant quantities after administration of gepirone. The pharmacology 
of 3-OH-gepirone differs from the pharmacology of gepirone showing that 

30 with 3-OH-gepirone a more purposeful mechanistic treatment of 
psychiatric diseases can be obtained. 

Therefore, this invention makes 3-OH-gepirone, or a pharmaceutically 
acceptable addition salt thereof, available for therapy. 
35 3-OH-gepirone is a shorter name for the compound 3-Hydroxy-4,4- 

dimethyl-l-[4-[4-(2-pyrimidinyl)-l-piperazinyl]butyl]-2,6-piperidinedione, 

which has a (+) and a (-) enantiomer. Consequently it exists as racemic 
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mixture or as one of the enantiomers in pure form or even as a mixture of 
the two enantiomers in various proportions of each of the enantiomers. 
Any of such forms are provided by this invention and referred to in this 
description by the term 3-OH-gepirone. Only in the section of the 
5 examples the information specifically refers to the racemic mixture. 

It is a preferred embodiment of this invention to make a pharmaceutical 
composition of 3-OH-gepirone, or a pharmaceutically acceptable addition 
salt thereof, in association with one or more pharmaceutically acceptable 
10 carriers available. 

Thus it is an aspect of the invention to use 3-OH-gepirone, or a 
pharmaceutically acceptable addition salt thereof, in the manufacture of 
a medicament having psychotropic activity, this medicament preferably 

15 being made acceptable for the treatment of depression or related 

disorders and it is a further aspect of the invention that it provides for a 
method for the treatment of depression or a related disorder in an 
individual of a vertebrate species which comprises treating said 
individual with an effective amount of 3-OH-gepirone, or a 

20 pharmaceutically acceptable addition salt thereof. 

The following specifications of the terms used above serve to clarify better 
what is provided by this invention. 

25 Unless otherwise stated all amounts of the active component refer to the 
weight of gepirone as base. According to the terminology in this 
description the drug gepirone, or a pharmaceutically acceptable addition 
salt thereof, is the active ingredient or active component in a 
pharmaceutical formulation. 

30 

Pharmaceutically acceptable addition salts include acid addition salts, for 
example, hydrochloric, fumaric, maleic, citric or succinic acid, these 
acids being mentioned only by way of illustration and without implied 
limitation. 



35 



The terms pharmaceutically acceptable carriers and excipients refer to 
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those substances known in the art to be allowable as filler or carrier 
material in pills, tablets, capsules etc. The substances are usually 
approved for this purpose by health-care authorities and are inactive as 
pharmacological agents. A compilation of pharmaceutical^ acceptable 

5 carriers and excipients can be found in the Handbook of Pharmaceutical 
excipients p* edition edited by A. Wade and P.J. Weller; Published by 
the American Pharmaceutical Association, Washington and The 
Pharmaceutical Press, London in 1994). Specifically, lactose, starch, 
cellulose derivatives and the like, or mixtures thereof, can be used as 

10 carriers for the active components of the combination according to this 
invention. 

The effect of gepirone is usually referred to as an anti-depressant effect, 
implying mood improving effects in depressed patients. However the 

15 effect of this drug is not limited to an effect in depressed patients. Certain 
other diseases and symptoms influenced by the central nervous system 
are also known to improve with treatment with gepirone. In more general 
terms, this drug has psychotropic activity. The latter term refers here to 
any effect on the functioning of the central nervous system, useful to 

20 influence behaviour and feelings of well-being of mammals, in particular 
humans. 

The term 'depression and related disorders' refers to a medical field which 
can be understood by the skilled person by his knowledge of the current 
25 use of anti-depressant drugs. Those disorders known to respond 
positively to treatment with drugs classified as antidepressants are 
considered for the description of this invention as being related to 
depression. Such disorders are for example anxiety disorders, such as 
panic disorder, obsessive compulsive disorder, posttraumatic stress 
30 disorder, or chronic pain syndromes. It is well known that anti- 
depressant drugs have more general beneficial effects on behaviour and 
mental functioning which is not strictly limited to an effect on depression. 
Also included in the invention is the use in anxiety in the manner m 
which anti-depressant drugs are used, that is with extended use for a 
35 long term effect, which is to be distinguished from the use of typical 
anxiolytic drugs, also referred to as minor tranquillisers, which have an 
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acute anxiety relieving and often sedative effect. The latter 
anxiolytic /sedative effect is usually ascribed to interactions with the 
GABA-receptor in the brain. 

5 Such pharmacological information can lead to placement of drugs in 
different categories. Independent from the medical categories 'anxiolytic, 
'anti-depressant', 'neuroleptic' etc., or the chemical categories 
'tetracyclics', 'benzodiazepines' etc., drugs can be categorised on basis of 
pharmacological mechanism. In this sense gepirone is known as a 'partial 

10 5-HTiA-agonist'. This description should not be interpreted to imply any 
theory justifying the placement of the new pharmacological profile of 3- 
OH-gepirone in a particular new or known pharmacological category. 

While it is possible for 3-OH-gepirone to be administered as the pure 
15 chemical, it is preferable to present it as a pharmaceutical composition, 
also referred to in this context as pharmaceutical formulation. Suitable 
compositions include those suitable for oral, rectal, nasal, topical 
(including transdermal, buccal and sublingual), vaginal or parenteral 
(including subcutaneous, intramuscular, intravenous and intradermal) 
20 administration. Pharmaceutical compositions according to the present 
invention comprise 3-OH-gepirone together with one or more 
pharmaceutically acceptable carriers or excipients and optionally other 
therapeutic agents. 

25 As mentioned an important aspect of the present invention is that it 
provides a method for the treatment of an individual of a vertebrate 
species, for example, a mammal including a human patient, suffering 
from depression or a related disorder, which method of treatment 
comprises administering an effective amount of 3-OH-gepirone, or a 

30 pharmaceutically acceptable addition salt thereof. The desired daily doses 
for a treatment is preferably presented as a single dose or in two, or three 
sub-doses administered at appropriate intervals throughout the day. In 
practice this means among others to provide dosage units comprising 3- 
OH-gepirone for administration to a recipient or intake by a recipient for 

35 treatment. 

Thus, in one embodiment of the invention 3-OH-gepirone may be 
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presented as a pharmaceutical formulation in unit dosage form, for 
example, administered in the form of a tablet, pill, capsule and the like. 
Such dosage forms and their methods of preparation are known in the 
art, e.g. as described in the standard reference, Gennaro et al., 
5 Remington's Pharmaceutical Sciences, (18th ed., Mack Publishing 
Company, 1990, see especially Part 8: Pharmaceutical Preparations and 
Their Manufacture). By means of pharmaceutically suitable liquids the 
compound can also be applied as an injection preparation in the form of 
a solution, suspension, emulsion, or as a spray, e.g. a nasal spray. 



10 



For the preparation of pharmaceutical compositions and more specifically 
dosing units, the present invention further includes a process for the 
preparation of a pharmaceutical formulation comprising 3-OH-gepirone, 
which process comprises bringing an amount of 3-OH-gepirone (or a 
15 pharmaceutically acceptable salt thereof) into association with one or 
more pharmaceutical excipients. 

For the use of the 3-OH-gepirone according to the present invention the 
compound should be provided such that an effective amount for 

20 treatment is made available. The amount of 3-OH-gepirone (or a 

pharmaceutically acceptable salt or solvate thereof), required to produce 
the efficacious effects will, of course, vary and is ultimately at the 
discretion of the medical practitioner. The factors to be considered 
include the route of administration and nature of the formulation, the 

25 recipient's body weight, age and general condition and the nature and 
severity of the disease to be treated. 

In general, a suitable dose of 3-OH-gepirone for administration to a 
human will usually be in the range of from 0.01 to 3 mg per kilogram 
30 body weight of the recipient per day, preferably in the range of from 0.05 
to 0.7 mg per kilogram body weight per day. 

Formulations suitable for oral administration may be presented as 
discrete units such as pills, tablets or capsules each containing a 
35 predetermined amount of active ingredient(s); as a powder or granules; as 
a solution or suspension. The active ingredient(s) may also be present as 
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a bolus or paste, or may be contained within liposomes. 

Formulations for rectal administration may be presented as a suppository 
or enema. 



5 



For parenteral administration, suitable formulations include aqueous 
and non-aqueous sterile injection. The formulations may be presented in 
unit-dose or multi-dose containers, for example, sealed vials and 
ampoules, and may be stored in a freeze dried (lyophilised) condition 
10 requiring only the addition of the sterile liquid carrier, for example, water 
prior to use. 

Formulations suitable for administration by nasal inhalation include fine 
dusts or mists which may be generated by means of metered dose 
15 pressurised aerosols, nebulisers or insufflators. 

For making dosage units, e.g. tablets, the use of conventional additives 
such as fillers, colorants, polymeric binders and the like is contemplated. 
In general any pharmaceutical^ acceptable additive which does not 
20 interfere with the function of the active compounds can be used. Suitable 
amounts of active ingredients are, for example, a tablet comprising 1 to 
30 mg of 3-OH-gepirone. In a specific example, a tablet comprising 10 mg 
of 3-OH-gepirone is obtained. 

25 3-OH-gepirone may be prepared according to the method described in 
example 1. 

The invention is further illustrated by the following examples. 

30 Example 1 

Synthesis of 3-OH-gepirone 

The synthesis of ( + /-)-3-Hydroxy-4,4-dimethyl-l-[4-[4-(2-pyrimidinyl)-l- 
piperazinyl]butyl]-2,6-piperidinedione, 3-Hydroxy-Gepirone. 

35 
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Reaction Scheme: 




Me 



(Geplrone) 



Me 
PNBOCO a ' 




OO 



10 



15 




N 



(3-Hydroxy-Gepirone) 



Lithium bis(trimethylsilyl)amide (1M solution in THF, 38.2ml) was added 
over 10 minutes to a stirred solution of 4,4-dimethyl-l-[4-[4-(2- 
20 pyriimdmyl)-l-piperiazinyl]butyl]-2,6-piperidinedione ("Gepirone free- 
base") (12.7g) in tetrahydrofuran (200ml) at -40°C under nitrogen. After 
a further 2hours 30 minutes, a solution of bis(4- 
nitrobenzyl)peroxydicarbonate (J.A.C.S., 1950, 72, 1254).(15g) in 
tetrahydrofuran (100ml) was added dropwise over 10 minutes. After 1 
25 hour the temperature was allowed to rise to -20°C and water (100ml) was 
added dropwise. The mixture was allowed to warm to room temperature 
and then extracted with ethyl acetate (500ml). The organic extract was 
dried (NaaSO^ and evaporated to dryness. The residue was 
chromatographed through a column of fine silica in ethyl acetone : 
30 acetone mixtures. The appropriate fractions were combined and 

evaporated to dryness to afford 4 ) 4-dimethyl-l-[4-[4-(2-pyrimidinyl)-l- 
piperazinyl]butyl]-2,6-piperidinedione-3 (4-nitrobenzyl)-carbonate as a 

gum (6.6g). 

A solution of 4,4-dimethyl-l-[4-[4-(2-pyrimidinyl)-l-piperazinyl]butyl]- 
35 2,6-piperidinedione-3 (4-nitrobenzyl)-carbonate (8.1g)) in tetrahydrofuran 
(85ml) and methanol (85ml) was stirred for 50 minutes under an 
atmosphere of hydrogen (2 Barr) in the presence of 5% palladium on 
charcoal The reaction mixture was filtered and the filtrate was 
evaporated to dryness in a water bath at < 10°C. The residual oil was 
40 chromatographed through a column of fine silica in ethyl acetate : 
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acetone mixtures. The appropriate fractions were evaporated to dryness 
and the residue (4.4g) was crystallised from acetone : heptane to afford 
(+/ .). 3 .Hydroxy-4,4-dimethyl-l-[4-[4-(2-pyrimidinyl)-l-piperazinyl]butyl]- 

2,6-piperidinedione, ("3-Hydroxy-Gepirone"), as a white solid (3.8g), m.p. 
5 128°C. 



Example 2 

Binding Serotonergic Receptors 

10 The data from the experiments using cloned human 5HT receptors is 
shown in Table 1. It is clear that 30H-gepirone shows high selectivity for 
binding to 5HTia receptors when compared to 5HT 2A , 5HT 2C and 5HTe 
receptors. 

15 Table 1. Gepirone and 30H-gepirone binding activity at serotonin 

receptor s 

Test Compounds 



Gepirone 



3QH-Gepirone 




5HTia 7.42 5 0.03 

5HT 2 a <5.20 5 

5HT 2C <5.03 5 

5HT 6 <4.30 4 - 

SHT 7 6.20 4 0.07 

sem: Standard error of the mean 
n: number of observations 



7.24 

5.70 

<4.05 

<4.26 

5.75 



3 
3 
3 
3 
3 



sem 

0.06 
0.05 



0.02 



20 Example 3 

DRL72: Test for Antidepressant-like Activity 

Gepirone and 3-OH-gepirone altered performance in the DRL72 in a 
manner consistent with an antidepressant-like profile (see Table 2). 
25 Gepirone and 3-OH-gepirone increased the number of reinforcements 
earned during the test session and decreased the number of responses at 
3 mg/kg. 
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Table 2 Gepirone and 3-OH-gepirone exhibited antidepressant-like 
properties in DRL72. Key t increased relative to control, I decreased 
relative to control, o unchanged relative to control. 



Compound Indication 

(doses 

mg/kg) 



gepirone 
(1, 3, 10) 

30H- 
gepirone 
(1, 3, 10) 



Number of 
reinforcements 
(MED mg/kg) 



Antidepressant t (3) 



Antidepressant t(3) 



Number of 
responses (MED 
mg/kg) 

Tiij" 



1(3) 



MED: Minimum effective dose 



Example 4 

Automated Classification of Sleep Organization (ACSO): Test for CNS 
10 and Therapeutic Activity 
EEG test 

The aim of this test was to characterise the effects on rat sleep-waking 
behaviour of gepirone and 3-OH-gepirone. Sleep-waking behaviour was 
analysed by using electroencephalographic (EEG) recordings, 

15 electromyographic (EMG) recordings, and by recording a movement 
index. On the basis of these signals sleep-waking behaviour was 
automatically classified per 2 second periods into 6 classes: active 
waking, passive waking, light sleep, deep sleep, intermediate stage sleep 
and REM sleep (Ruigt et al. A large scale automated system for rat sleep 

20 staging. I. Methodology and technical aspects. Electroenceph. and Clin. 
Neurophysiol.; 1989; 73:52-64). 

Each experiment is performed simultaneously on 32 adult male Sprague- 
Dawley rats (Harlan Olac, Bicester, UK, weighing 250-800 g), subdivided 
into four treatment groups. Throughout the whole experiment the 
25 animals stay in recording cages and are only taken out to be injected 
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with vehicle or test compound(s). Each experiment contains three 
sessions. The first session ("test session"), commencing at 10:00 AM with 
a variable duration of 2-5 hours, serves as adaptation period and is used 
to assess the quality of the EEG and EMG signals recorded. The second 

5 and third sessions both start at 2:30 PM on two consecutive days and 
have a duration of 15.5 hours each. At the start of the second session all 
groups receive a vehicle treatment, at the start of the third session all 
groups receive their test compound(s). One of the treatment groups 
usually receives the vehicle treatment in both sessions to serve as a 

10 baseline for the other groups in the experiment. The gepirone was 
dissolved in 0.9% NaCl m/v in water (saline). 30H-gepirone was 
administered in 5% Mulgofen in saline (0.9 % NaCl) 

Independently, in a comparable way a large number of reference 
15 compounds (Ruigt et al., Computer-based prediction of psychotropic drug 
classes based on a discriminant analysis of drug effects on rat sleep. 
Neuropsychobiology; 1993; 28:138-154) from different psychotropic drug 
classes (antidepressant [AD], antipsychotic [APS], hypnotic [HYP], 
anxiolytic [AXL], stimulant [STIM], anticonvulsant [AC]) was previously 
20 tested at different doses against placebo [PLAC] for their effects on rat 
sleep-waking behaviour. The effect profiles for these compounds at active 
doses were subjected to a discriminant analysis over these 6 psychoactive 
classes with placebo being added as an extra class. 
Gepirone tested at 1.0, 3.0, 10.0 mg/kg i.p. induced dose dependent 
25 changes in the pattern of sleep-wake state distribution that had a quick 
onset and were indicative of anxiolytic and antidepressant-like properties 
(see table 3). Most pronounced were the reduction in REM sleep, the 
increase in passive waking, and the prolongation of REM sleep latency. 
Gepirone also increased waking and decreased sleeping, a pattern that 
30 suggests a non-sedative profile with mild stimulant properties. 

To further characterise the central activity of 3-OH-gepirone this 
compound was investigated on rat sleep-waking behaviour at comparable 
doses (1.0, 3.0, and 10.0 mg/kg i.p.). 3-OH-gepirone showed a 
35 characteristic profile of activity at 10 mg/kg. 3-OH-gepirone reduced 
REM sleep, increased REM latency and passive waking at 10 mg/kg. A 
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discriminant function indicated that 10 mg/kg of 3-OH-gepirone closely 
resembles an antidepressant-profile with anxiolytic properties. 

Table 3 The effects of gepirone and 3-OH-gepirone on sleep-wake 
5 organisation (0-3 hours after drug administration) and drug classification 
according to a discriminant analysis based on established reference 
compounds. 





Placebo 
Gepirone 



Dose 
(mg/ 
kj 

0 
1 
3 
10 



Placebo 
3-OH- 
gepirone 



0 
1 

3 
10 



Drug 
classifica- 
tion 
PLAC: 34 
PLAC: 35 
AD: 28 
AXL: 63 
PLAC: 31 
PLAC: 41 

AC: 53 
AD: 55 



REM 



REM 
la- 
tent 




t 



Key (7 drug classification categories): AD = antidepressant; APS - 
10 antipsychotic; STIM = stimulant; AXL = anxiolytic; HYP = hypnotic; AC = 
anticonvulsant; PLAC = placebo; REM = rapid eye movement; PW - 
passive waking; AW = active waking; DS = deep sleep; LS = light sleep, IS 
= intermediate sleep, t Increased or I decreased relative to control. 

15 Example 5 

Marble Burying and Swim-Induced Grooming: Tests for 
Antidepressant/ Anxiolytic-Like Activity 

Marble burying has been developed and validated as a pre-clinical assay 
20 of potential anxiolytic activity (Andrews and Broekkamp (1993). 

Procedures to identify anxiolytic or anxiogenic agents. In Behavioural 
Neuroscience, ed. A Sahgal, pp. 37-54. IRL Press, Oxford). The marble 
burying test places a naive mouse into a novel environment containing 25 
marbles (arranged on top of a saw dust surface). A reduction in the 
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number of marbles buried by the mouse has been hypothesised to be an 
anxiolytic-like/ anti-depressant-like effect. 

Grooming behaviour of mice after swimming in lukewarm water is a 
reproducible behaviour. Compounds with antipsychotic acuvuy can 
5 suppress this grooming and are more effective in reducing this behaviour 
than in reducing burying behaviour provoked by glass marbles The aim 
of this test is to evaluate the ability of 30H-gepirone to inhibit *» 
behaviour. Male MF1 (24-32 g, Harlan Olac, Bicester, UK) were used. The 
experiment was performed in a draught-free room with 4 groups of 8 
10 animals, each of which received different doses of the test drug or vehicle 
control subcutaneously. After 30 minutes they are placed in groups of 
four in swimming cages consisting of macrolon cages (type 2; 23cm x 
17cm xl4cm), each filled with 10cm of water at 37°C. Following tins 
period the mice are removed from the water, dried with a towel and 
15 placed individually in 8 observation cages (Macrolon type 2 cages; 23cm x 
17cm xl4cm). Grooming behaviour is scored using a time sampling 
method, every 30 seconds over 15 minutes, and the sum of the positive 
observations yields the grooming score. 

The experiment is carried out as a randomised block design with 4 block 
20 of 8 mice each (4 treatment groups with 8 mice each). For each treatment 
group the median grooming score is calculated together with 25 h 
interquartile ranges. The Mann-Whitney U-test is used on the grooming 
score to calculate significance between the control and compound 
groups. When there are differences between blocks, a Mann-Whitney U- 

25 test for block design is applied. The median grooming score of each 

compound group is also expressed as percentage inhibition of the median 
grooming score of the control group. The ED 5 o (effective dose causing 
500/c inhibition of grooming) is derived using a ^T^^^ 
SOH-gepirone was administered in 5% Mulgofen in saline (0.9 /o NaCl). 

30 Route of administration: subcutaneously (s.c), lOml.kg- 1 . (30 minutes 

s.c. pretreatment) m . 

Gepirone and 3-OH-gepirone reduced marble burying in mice following 
subcutaneous administration. The marble burying test is sensitive to 
drugs with sedative, antipsychotic, anxiolytic and antidepressant 
35 properties. Furthermore, 3-OH-gepirone reduced marble burying with 
greater potency than that observed for inhibition of swim induced 
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grooming (see Table 4) 



Table 4: gepirone and SOH-gepirone reduced marble burying behaviour 
in mice, the results suggest anxiolytic/ antidepressant-like activity 




Compound 

gepirone 
30H-Repirone 

n.t.: Not tested 



Reduction in marble 
burying (EDso mg/kf 

2.16 
2.59 



Inhibition of swim induced 
roomin g (EDso *ng/k] 

n.t. 
4.15 
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Claims 



1. 3-OH-gepirone, or a pharmaceutically acceptable addition salt thereof, 

for use in therapy 

2 A pharmaceutical composition of 3-OH-gepirone, or a 

5 * pharmaceutically acceptable addition salt thereof, in association with 
one or more pharmaceutically acceptable carriers. 

3 Use of 3-OH-gepirone, or a pharmaceutically acceptable addition salt 
thereof, in the manufacture of a medicament having psychotropic 

activity. . 
10 4. The use according to claim 3, characterised in that the medicament is 

for the treatment of depression or related disorders. 
5 A method for the treatment of depression or a related disorder m an 
individual of a vertebrate species which comprises treating said 
individual with an effective amount of 3-OH-gepirone, or a 
15 pharmaceutically acceptable addition salt thereof. 
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